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(54) SEMICONDUCTOR DEVICE AND ITS 
MANUFACTURING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To avoid the increase in 
resistance by the oxidation of a wiring as well as the 
decrease in the reliability of the wiring and an 
element, by a method wherein an oxidation preventive 
film is self algningly formed on the surface of a trench 
wiring formed on an insulating film when the wiring is 
formed by buried-wiring technology. 

SOLUTION: An insulating film 1 is formed on a substrate 
10 and then a wiring trench 2 is formed on the 
insulating film 1. Next, a barrier metal 3 is formed in 
the wiring trench 2. Next, a wiring material 4, after 
its formation, is softened to be fluidified by heat 
treatment at the temperature exceeding the crystalline 
temperature but not exceeding the melting point thereof 
so as to bury the wiring trench 2 by pouring the wiring 
material 4 into the wiring trench 2 wherein the barrier 
metal 3 is formed. Successively, the surplus part of the 
wiring material 4 is removed by etching back step to be 
left for procucing a trench wiring 5. Next, an oxidation 
preventive film 11 is self aligningly formed on the 
surface of the trench wiring 5. Through these 
procedures, the oxidation of the surface of the trench 



wiring 5 can be avoided thereby enabling the reliability 
upon the wiring and element to be improved. 

COPYRIGHT: (C)1999,JPO 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, an example explains this invention concretely. 

[0025] Explanatory drawing of the manufacturing process of example 1 this example is shown in 
drawing 2 . 

[0026] first, the substrate 10 which performed element formation and formed lower layer wiring 
5b on Si substrate according to the usual LSI process — an insulator layer 1 — forming — usual 
PR and the RIE method — an insulator layer 1 — the wiring slot 2 and connection — the hole 6 
was formed (drawing 2 (a)) In this case, width of face of the wiring slot 2 was set to 0.4 
micrometers, and the depth was set to 0.5 micrometers. 

[0027] Next, Ti layer and the TiN layer were formed on the following membrane formation 
conditions one by one as a barrier metal layer 3 by the magnetron-sputtering method in a high 
vacuum, respectively ( drawing 2 (b)). 

[0028] Ti membrane formation condition DC power: — 5kW process gas: — ArlOOsccm pressure: 

— 0.4P a substrate temperature: — 150-degree-C thickness: — 20nm [0029] TiN membrane 
formation condition DC power: — 5kW process gas: — Ar30sccm and N280sccm pressure i).4Pa 
substrate temperature:! 50-degree-C thickness: — 50nm [0030] Then, pure-Cu (wiring material 
4) was formed on the following membrane formation conditions by the magnetron-sputtering 
method continuously in a high vacuum ( drawing 2 (b)). this membrane formation — setting — Cu 

— the wiring slot 2 or connection — it was connected in a part for opening of a hole 6, and 
became the structure of having a void 1 2 inside 

[0031] Cu membrane formation condition DC power: — 15kW process gas: — ArlOOsccm 
pressure: — 0.4Pa substrate temperature: — 400-degree-C thickness: — 1200nm [0032] next, 
according to the following high-pressure reflow conditions, Ar gas is introduced into a high 
vacuum and a reflow of the wiring material (Cu) 4 is carried out for a substrate under high- 
pressure Ar atmosphere — making — the wiring slot 2 and connection — the hole 6 was filled 
up simultaneously ( drawing 2 (c)) Moreover, substrate temperature was heated to near near [ of 
400 degrees C or more /of Cu ] a recrystallizing temperature at this time, and embedding 
nature was raised. 

[0033] high-pressure reflow condition pressure: — 106Pa or more substrate temperature: — 
450-degree-C time: — 1 — min [0034] next — CMP — a method — a slot — wiring — five — 
and — wiring — a plug — seven — except — a portion — a wiring material — ( — Cu — ) — 
four — the barrier — metal — a layer (Ti/TiN) — three — chemical — mechanical polishing — 
carrying out — removing — things — a slot — wiring — five — constituting — a wiring material 

— (— Cu — ) — four — a front face — exposing — having made ( drawing 2 (d)) . The CuCMP 
conditions in this case are shown below. 

[0035] CuCMP condition polishing pressure force: — 100g[/cm ] 2 rotational frequency: — 
surface plate 30rpm and polish head 30rpm polish pad: — SUB A IV slurry: — the NH3 base (form 
DOSHIRIKA content) ' 

flow rate: — 100 cc/fnin temperature: — 25-30 degrees C [0036] Next, in order to prevent 
oxidization of the front face of the exposed wiring material (Cu) 4, the substrate was dipped in 
Co electroless deposition liquid on the following electroless deposition conditions, and 
antioxidizing film 11a which consists of a Co electroless deposition film was formed ( drawing 2 



(e)). 

[0037] Electroless-deposition conditio n medical fluid: KOMBASUM (product made from 
incorporated company world metal) 

Temperature: 70-80 degrees C [0038] example 2 example 1 — the same — carrying out — the 
insulator layer 1 on a substrate 10 — the wiring slot 2 and connection — the hole 6 was formed, 
by the magnetron-sputtering method in a high vacuum, Ti layer and the TiN layer were formed 
on the following membrane formation conditions one by one as a barrier metal layer 3, 
respectively, and Cu was further formed as a wiring material 4 (drawing 3 (a)) 
[0039] Ti membrane formation condition DC power: — 5kW process gas: — ArlOOsccm pressure: 

— 0.4P a substrate temperature: — 150-degree-<: thickness: — 20nm [0040] TiN membrane 
formation condition DC power: — 5kW process gas: — Ar30sccm and N280sccm pressure i).4Pa 
substrate temperature :150-degree-C thickness: — 50nm [0041] Cu membrane formation 
condition DC power: — 15kW process gas: — ArlOOsccm pressure: — 0.4P a substrate 
temperature: — 150-degree-C thickness: — JOOOnrn [0042] Cu which is a wiring material 4 as 
the state after the membrane formation of Cu by the magnetron-sputtering method was shown 
in drawing 3 (a) — the wiring slot 2 and connection — it does not fill up in the hole 6 Then, a 
reflow was carried out according to the reflow conditions of the following [ the inside of reduced 
pressure reducing atmosphere ], and the wiring material 4 was embedded ( drawing 3 (b)). 
[0043] Cu reflow condition process gas: — H2500sccm pressure: — 67Pa substrate 
temperature: — 400-degree-C annealing time: — 5 — min [0044] next — CMP — a method — 
a slot — wiring — five — and — wiring — a plug — seven — except — a portion — a wiring 
material — (— Cu — ) — four — the barrier — metal — a layer (Ti/TiN) — three — chemical - 
-mechanical polishing — carrying out — removing — things — a slot — wiring — five — 
constituting — a wiring material — ( — Cu — ) — four — a front face — exposing — having 
made ( drawing 3 (c)) . 

[0045] Next, in order to prevent oxidization of the front face of the exposed wiring material (Cu) 
4, antioxidizing film 11b which consists of W was formed in the front face of a wiring material 
(Cu) 4 according to the following W membrane formation conditions by selection CVD. 
[0046] W membrane formation condition process gas: — SiH4/H2/\r=10/t WF6 /] 7/1000 / 
10sccm pressure: — 30Pa substrate temperature: — 260-degree-C thickness: — 30nm [0047] 
example 3 example 2 — the same — carrying out — the insulator layer 1 on a substrate 10 — 
the wiring slot 2 and connection — a hole 6 being formed and by the magnetron-sputtering 
method in a high vacuum the barrier — metal — a layer — : three — ****** — Ti — a layer — 
and — TiN — a layer — one by one : — forming membranes — further — a wiring material — 
four — ****** — Cu — forming membranes — a wiring material — four — it is — Cu — a 
reflow — carrying out — making — CMP — a method — a surplus — a wiring material — four - 

- grinding — a slot — wiring — five — constituting — a wiring material — ( — Cu — ) — four — 
a front face — exposing — 

[0048] Next, in order to prevent oxidization of the front face of the exposed wiring material (Cu) 
4, the front face of a wiring material (Cu) 4 was heat-treated on the following nitriding conditions" 
by the lamp heating method, and antioxidizing film 11c which consists of a nit ride of Cu was 
formed ( drawing 4 (bJJT ~ 

[0049] Cu nitriding condition process gas: — N2 flow rate: — 5 \/sec substrate temperature: — 
400-degree-C time: — 2 — min [0050] example 4 example 3 — the same — carrying out — the 
insulator layer 1 on a substrate 10 — the wiring slot 2 and connection — 6 was formed for the 
hole, a reflow of the Cu copper which is a wiring material 4 was carried out, the excessive wiring 
material 4 was ground by the CMP method, and the front face of the slot wiring 5 was exposed 
(drawing 5 (a)) 

[0051] Next, in order to prevent oxidization of the front face of the exposed wiring material (Cu) 
4, 11d of antioxidizing films was obtained by nitriding the front face of a wiring material (Cu)4 on 
the following Cu nitriding conditions by the nitrogen plasma 13 ( drawing 4 (b)), In addition, ICP 
(Inductive Coupled Plasma) was used as nitrogen plasma 13. 

[0052] Cu plasma nitriding condition process gas:N2 flow rate: — lOOsccm pressure: — 0.4Pa 
substrate power: — 300W (13.56MHz) 



Substrate power: 500W (13.56MHz) 

substrate temperature: — 300-degree-C time: — 2min 

[Translation done.] 



